Abstract-This paper is a presentation of the on going research at OLIMPES laboratory in the field of active imaging using THz Quantum Cascade Lasers applied to composite materials diagnostic. We have performed transmission measurements on various types of materials, most of them used in aeronautical engineering. We present some transmission mode images realized to investigate the possibilty to use THz imaging in nondestructive material diagnostic.
I. INTRODUCTION AND BACKGROUND
We present the recently developed works conducted at OLIMPES, a laboratory resulting from a collaboration between ISAE and ONERA/DOTA. Our activity in the THz domain is focused on two axes:
• characterization and modeling of THz Quantum Cascade Laser (QCL) • active imaging using QCL as a THz source In this paper, we will investigate the application of terahertz waves to composite materials diagnostic. Our first tests have been made on classical materials: paper, wood, cloth. In a second step, we have performed some transmission measurements on composite materials used in aeronautics: carbon fiber epoxy, glass fiber epoxy and Kevlar. Many works have been conducted about THz imaging of various objects hidden behind or into different materials: plastics in powdered sugar [1] , weapons behind clothes [2] and ink inside an envelope [3] are some well known examples. To the best of our knowledge, composite materials diagnostic with the help of THz waves has not yet been investigated.
II. EXPERIMENTAL SETUP
The experimental setup (figure 1) uses a Quantum Cascade Laser (QCL) as a source and an NTD-Ge bolometer as a detector. The double-metal waveguide QCL is driven by an ILX Lightwave LDP3840P pulsed current source (Duty Cycle = 1 %, Pulse Width = 60µs). Due to the structure of our QCL the power available at the output of the cryostat is quite weak. A few hundreds of microwatts at 2.3 THz are available. The emitted beam is then collected by a set of four offaxis parabolic mirrors (OAPM) that allow us to focus it on the sample to be imaged. The object is moved 
A. Transmission measurements:
The first experiments on aeronautical composite materials (Kevlar, glass fiber, carbon fiber ) have shown that some of them can be "transparent" to THz waves. We can easily notice that as the mesh dimension approaches the wavelength, the transmission decreases.
B. Raster scanning imaging
With the setup shown in figure 1 , we have imaged a 5 millimeter thick imperfect glass fiber epoxy sample. We have chosen this composite material because it is the worst case for signal to noise ratio, according to the previous measurements. A part of the sample epoxy has deliberately not been polymerized correctly. Moreover, a small metallic piece has been inserted to simulate a foreign object in the stucture. The THz image reveals the imperfect epoxy (circled in blue, light dots) and the small metallic piece (circled in red, dark area). This is an encouraging result to envisage non destructive testing of materials used in aeronautical applications. We have shown that THz imaging could be applied to nondestructive testing of composites aeronautical structures. The next step will be to improve our test bench to perform reflection mode imaging. Moreover, we would like to highlight the fact that these images have not been optimized by any numerical treatment. A comparison with TDS-imaging would also be very interesting.
